Effect of phorbol ester treatment on drug-induced, topoisomerase II-mediated DNA cleavage in human leukemia cells.
Tumor-promoting phorbol esters such as phorbol 12-myristate 13-acetate (PMA) induce the monocytoid differentiation of HL-60 human leukemia cells. The cellular receptor for PMA is protein kinase C. However, cellular events distal to protein kinase C phosphorylation are also critical steps toward differentiation. These events may include specific programs of oncogene transcription that have been associated with phorbol ester-induced leukemic cell differentiation. Recently, it has been found that topoisomerase II could be activated by protein kinase C-mediated serine phosphorylation and that PMA treatment of HL-60 cells enhanced extractable topoisomerase II from these cells. Additionally, topoisomerase II-reactive antineoplastic drugs could block PMA-induced differentiation of HL-60. This enzyme has been implicated in gene regulation, and drug-induced, topoisomerase II-mediated DNA cleavage sites have been identified within cellular oncogenes. Thus, topoisomerase II could play a critical role in the signal transduction cascade leading from PMA-protein kinase interaction to monocytoid differentiation. We have examined this relationship between topoisomerase II and PMA-induced differentiation through measurements of drug-induced, topoisomerase II-mediated DNA cleavage (via alkaline elution) in PMA-treated HL-60 cells. Etoposide-induced DNA cleavage was reduced 10-fold in HL-60 cells treated with 10 nM PMA for 24 h. Neither dimethyl sulfoxide (which produces granulocytoid differentiation) nor non-differentiation-inducing phorbol esters could produce this effect. The decreased cleavage was not due to a PMA-induced inhibition of cell-associated etoposide and was demonstrable in nuclei isolated from PMA-treated cells. The decrease was not simply related to decreased cellular proliferation rate as reflected in the inhibition of DNA synthesis because conditions leading to marked inhibition of DNA synthesis did not necessarily inhibit etoposide-induced DNA cleavage. By contrast, lower concentrations of PMA inhibited etoposide-mediated DNA cleavage disproportionately compared with PMA effects on DNA synthesis. Interestingly, PMA reduced cleavage induced by the topoisomerase II-reactive DNA intercalator 4'-(9-acridinylamino)methanesulfon-m-anisidide by 2-fold, suggesting that specific drug-DNA interactions could partially overcome the PMA-induced effect that resulted in decreased etoposide-induced, topoisomerase II-mediated DNA cleavage. Nuclear proteins in 0.35 M NaCl extracts from untreated or PMA-treated HL-60 cells were virtually identical in topoisomerase II activity and in topoisomerase II-associated drug sensitivity.(ABSTRACT TRUNCATED AT 400 WORDS)